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*•*"*-  *«*  New  YoH<  3.  N.  Y 

October  1,  1946 


Dr.  Harry  Polachek 
Bureau  of  Ordnance  Re 2c 
Navy  Department 
Rm.  0407 
Washington,  D.  C. 


Dear  Dr.  Polachek: 

I  am  sorry  to  be  so  late  in  sending 
you  this  description  of  the  thermo-couple 
problem. 

We  have  tried  all  of  the  suggested  finite 
difference  formulas  for  simplified  one -dimensional 
problems.   (The  results  after  30  time  steps 
Were  satisfactory.)  We  don't  think  that  more 
than  8  decimal  places  need  be  carried  in  the  work. 
At  least  15,000  time  steps  are  involved  (if  the 
intervals  of  time  are  chosen  as  in  the  accompanying 
note)-  so  that  we  might  cut  down  the  space  to 
0  <  4  <  4£     ,  0  <  tA  <   4/   -in  which  case  L  =  Qj£ 

in  (E)  on  pp.  7,8. 

We  feel  that  if  Professor  Aiken  undertakes 
the  job  he  will  probably  set  it  up  in  a  more 
efficient  way.   If  it  is  advisable  that  someone 
of  our  group  visit  Professor  Aiken,  we  can  make 
such  an  arrangement. 

I  hope  that  your  ^eat-sensitivity  problem 
has  been  satisfactorily  solved.  Thanking  you 
for  your  patience,  I  remain 

Yours  sincerely, 


Eugene  Isaacson 
EI:hs 
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Problos  ef  Tosworataro  liensaroiasnt 


•  are  lnt«r«st«d  in  doteraining  how  the  flow  of  hoot  In  a  solid 
eonduetor  Is  perturbed  by  the  insertion  of  m  therao~eouple. 

For  instance,  wo  oonslder  o  spoolal  problem  oonnoetod  with  rookots. 
A  eylindrioal  thermo-couple  (T.C. )  is  fittod  snugly  into  a  oylindrioal 
holo  drillod  in  the  wall  of  a  roeket.     The  propellent  ie  ignited  and  the 
hat  gases  heat  up  the  wall  of  the  roeket. 
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Tho  nathonatloml  fomil&i  doaaribing  tho  flow  of  hMt  through  tho 
otool  wall  and  in  and  around  tho  thorao-oounlo  aro 


I.     Partial  D.B. » 

«L  *  T,r  *  7  V  '  *%' 
vhoro    T  •  Toaporatoro  °I, 

t   •  tiM. 

x  •  dlatanoo  alone  ****  of  T.C. , 
r  "  radial  dlatanoo  fron  axis  of  T.C. 
k  •  hoat  oonduetWity  (oonatant), 
o  *  hoat  oapaolty  (oonatant). 

II.     Boundary  Conditions 

(a)     kT^  -  h(T  -  T#)      at  x  -  0, 

whoro  h  -  Sniaalrlty  (oonatant). 


(b)     T    •  0|       T    •  0      aoroas  ildos  of  non-oonduotor, 
(o)     T  and  kT    aro  oontinuoua  aoron  hot  ^motion. 

III.     Initial  Conditions 

f  •  0      for  x  >  0      at  t  ■  0. 

Tf.     Conatanti-»a.g.».  units t 

T    •  8000°  K       for  0  *  t  <  .1. 

T    •  0°  I     far  llnoar  to  0°  k)     for  .1  <  t  <  .ti 

\  ■  -"I 

for  atool      kj  •  .11,       Oj  ■  .84i 

for  T.C.   oonduotor      (a)     Conotantin.     kj  •  .066,       oa  •  .84 

(b)     Platimmi         kf  •  .IT,         a5  •  .T\ 
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3tm»»tlon«  for  Masgrloal  Solution  of  Probl— 


(A)     Introduos  dlaaonslonlos*  qmuatltlosi 
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Solutions  1b  Region  I  b«eono 

.    . 
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B.C.i 

•^    «  a  -  1      at   4-0       (for   ?  <  .0*6) 

«t    •  0,       u       »  0      serosa  sites  of  aon-oondustor 

«  Is  continuous  across  hot-Jonetlon 

h.u *    on  left  *Lr-«t    on  right  of  hot-junotion 

I.C.i 

u  •  0      for  4  >  0      »t    2  "0 

Equation  in  Bogltci  IX 
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(B)     Out  off  ali«  of  doaaln  and  um  wttfy  about    4-anii. 

In  order  to  work  with  a  finite  got  of  not-pointo.  wo  introduoe 
tho  two  additional  boundaries    £  •  5/  and    tj  •  5/,  togothor  with  tho 
corresponding  boundary  oondltlont  u„    -  0  and  u       -0.     Therefore,  tho 
region  of  lntoroot  for  eonpntatloa  Is  doflnod  by 

0<    ^<li       and      0<t|<o/,        ^-.011. 

Too  Figure  2  on  page  t. 

(c)     tl«e  of  spaoo  nosh: 

A£,  •  Atj   •  -y.  -  .00*. 

I  •  .01«. 

M    FlnA%<>  «lf*efw»w  oe^attont, 

(1)     At  non-boundary  point «  In  Roglon  I 

u  >        represents  values  of  u  at    £ ,  -n  ,  z  . 
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(*)     At  non-boundary  points  la  RocUn  II 
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(4)     \t  boundary  point*  on  lino   £   ■  0 
Tftceenpi'  forppiit*  it  eoriaefiT- 

We  use  the  boundary  condition  u  t    •  u  -  1.     r.ow, 


%..  *  A* 


0,0 .      gfO  o»» 


♦  -±A1 


«A4 


o 


■l.o- 


<   inoe  [         ]  •  u^    at  tt.      .  / 
Therefore. 


o  1     •       t   At, 

5/5       I*  ■¥■ 


(6)     At  boundary  points  whore  either  u 
OSxeent  for  corner  pointe)  ^ 
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Dm  the  mm  scheme  ae  in  (4)  replacing  the  derivative  at 
the  boundary  paint  by  0.     For  example,  on  the  line  r^  •  £ 
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(6)  At  the  Junction  £,•  Z 

Use  the  boundary  condition i  a  la  continuous,  and  h^u 
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(T)     At  QBfBir  bonndarjr  points 

3»  average  of  the  teir*  rabies  which  are  found  by  the 
oorrospondlnj  setheds  previously  described. 

Co— ntatloa  of  solution  when  thorno-oonplo  Is  absent: 

SIaoo  we  have  oat  off  tho  donoin  In  (S).  «o  find  that  tho 
lutton  of  tho  problem 
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44        "* 

f or  0  <    4  <  6^1 

B.C.  i 

U,     -0-1 

at  4  •  o. 

Bfc     •  0 

at    4  •  i/i 

I.C.j 

0-0 

at    z  •  0, 

will  ylold  tho  description  of  tho  flow  of  hoat  whoa  no  therao-eounle  io 
present.     Tho  solution  of  this  siaple  crocles  oan  bo  found  In  "Conduction 
of  Hoat  in  Solids,"  by  It.    ft,   Cam  law.  2nd  edition .  pt>.   74-79.     *•  sorely 
writo  down  tho  foraatlaoi 
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'    oheek  on  seme  of  theoo  ©a I eolations  le 

«(  £  » 17 »  2r )  should  be  compared  *ith  0  (  £ ,  S )  at  all  of  the   £  .-^   ap- 
points near  the  hot  junction  (say  0  *_  4  £  2/»  0  <   17  <  2 £). 

(F)  Order  of  problems  a 

Realising  that  this  job  it  not  trivial,  we  would  be  satisfied 
if  the  ease  of  Censtantln  could  be  carried  out  up  to  X   •  .0*5  approxi- 
mately. If  it  Is  feasible  to  oontinae  beyond  this  point,  then  the 
condition  u  w  •  u  should  be  introduced  at  t,    -  0  for 
<  Z  <   .070  approximately. 
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